Abstract
Introduction
Various approaches can be taken to organize agricultural extension, which vary in their main objectives, targeted groups, organizational features, and extension methods (Swanson and Claar, 1984) . Of the public extension systems are the general ministry of agriculture system, training and visit system, integrated agricultural and rural development, university-based system, and commodity based system. Of the private approaches are the input supply system, private consultants, nongovernment organizations (NGOS), and farmer organizations (UNDP, 1991; Nagal, 1997) . In most countries, a mixture of complementary public and private approaches of extension is used to achieve a range of policy objectives. In Jordan, extension services are provided by a multi-organizational system. Public organizations include the Ministry of Agriculture (MOA), and the Agricultural Credit Corporation (ACC). The MOA provides extension services through the Department of Extension (DOE), the National Center for Agricultural Research and Technology Transfer (NCARTT), and through production-oriented projects in the context of the agricultural development approach. The ACC follows the system of controlled credit and provide technical guidance to the borrowers. Although extension services offered by the private companies are sales-oriented and spatially limited to areas with commercial farming, they are better in quality and more effective. The private consultants provide technical information to specialized farms (e.g. apple farms). NGOs provide technical and financial support to rural poor areas, and to women farmers. Extension services are provided through cooperatives and Farmers' Union, but their services are limited in size and scope (Rimawi and Arabiat, 1998) .
The structure and function of agricultural extension are dynamic, changing overtime to reflect the overall development of agriculture (UNDP, 1991) . Worldwide, the public systems were affected by the political attacks, the fiscal pressures brought by structural adjustment programs, and the new global ideology toward privatization (Feder, Willett & Zijp, 1999) . Different countries responded to these influences in different ways. Global trends like decentralization of services, shifting authority to private entities, and the privatization of public services have started to shape extension services towards a more pluralistic system of service provision, funding and delivery (Rivera, 2001) . However, delivering extension services by the public or the private sector depends on the economic character of the information. Umali (1996) and Katz (2000) classified agricultural information into public and private goods according to its economic character using the principles of subtractability and excludability. Excludability applies when access is denied to those who have not paid for the product, while subtractability applies when one person's use or consumption of a good or service reduces its availability to others. A purely private good is characterized by high subtractability and excludability and vice versa for a purely public good. Clients are willing to pay for services that have private good characters, and the commercial sector is likely to supply the supporting technical information that accompanies the use of the private products such as chemicals, hybrid seeds and machinery. This would ensure correct use of the products; increase productivity and income, so that farmers can buy more products in the future (U.S. Agency for International Development [USAID], 1985) . For services of public good character such as general advice on commonly produced crops, or on soil conservation techniques, it is not possible to exclude nonpayers sufficiently from benefiting from the information, and there is no motivation to provide these services on a commercial basis (Umali, 1996; Katz, 2000) .
Increasing specialization makes it increasingly difficult for public extension agents to keep up with all the details of the new technologies, while the demands of commercial farmers are continually increasing (Schwartz, 1994) . The technological developments in the progressive irrigated sub-sector of the Jordanian agriculture have led to substantial increases in production (Rimawi and Arabiat, 1998) . In the process of agricultural development, technology gradually changes from being largely a public good, to becoming an increasingly private good, and the cost of technology transfer is increasingly funded through the sale of production inputs (Swanson, 1990) . Hence, commercial extension is part of the sales strategy of the input supply firms (Nagal, 1997) . The local private sector is growing in many developing countries, and is taking a bigger role in agricultural research and extension such as Jordan (MOA, 1997), Chile (Rivera, 2001) , and Australia (Marsh & Pannell, 1998) . However, private firms invest relatively little in research and development, but are often quite aggressive in borrowing technology from other sources (Barghouti, 2001 ). Public funding is justified for extension programs that produce positive externalities and provide specified public economic, environmental, or social benefits through influencing adoption of specific agricultural practices (Bennett, 1996) . Thus, extension services are best provided by a combination of private and public funds, and one cannot completely replace the other (Bloome, 1993; Umali, 1996; Katz, 2000) .
The farm structure in Jordan is characterized by the dominance of small farms. Three quarters of holdings were less than 3 ha in 1997, but they represented 17% of the land in farms (Rimawi, 2001) . The limited potential for promoting agricultural production through horizontal expansion of cultivable land, due to limited water resources, call for adopting a strategy for agricultural development based on the use of improved technologies, by way of effective public and private extension. The agricultural policy in Jordan stated that the public extension services would be provided to certain areas of agriculture, and for targeted groups not adequately served by the private sector (MOA, 1996) . Small scale farming, livestock herding, and environment friendly activities were identified as targeted areas for public extension, while irrigated and intensive agriculture, poultry and animal farms, were identified as targeted areas for private companies (MOA, 1997) . With the restructuring of the economy, liberalizing the market and membership in the World Trade Organization, the government has become keen to revitalize the public system, to make it more cost-effective and to promote the private sector. Public extension is criticized for its insufficient impact, and lack of relevant technology that needs to be extended to farmers (Sbaihi, 1993) . This has made it imperative for public extension to cooperate and to establish a working relationship with the private sector to improve extension delivery. Therefore, an investigation of the perception and attitudes of the private companies to cooperate with public research and extension services is warranted.
Purpose
The purpose of the study was to examine the private firms' willingness to cooperate with the public research and extension and fields of cooperation to promote agricultural development.
Objectives
The objectives of this research are the following: 1. To investigate commercial firms' willingness to cooperate with the public extension and research by selected variables and potential fields for such cooperation. 2. To identify factors explaining the private firms' willingness to cooperate with public agricultural research and extension in carrying research and extension activities.
Methodology A sampling frame of about 300 firms was provided by the Agricultural Materials Merchant Association [AMMA] . A simple random sample of 100 firms involved in input supplies and extension activities was selected, which constituted about one third of the total population. The final questionnaire was structured largely in a close-ended form and pretested in different areas. In-person interview method was selected. Few firms declined from cooperation, and the response rate was 96%. Willingness to cooperate was limited to a discrete choice, either willing or non-willing to cooperate, hence, the adoption of limited dependant variable models is appropriate to the current problem (Greene, 1997). The functional forms most frequently used to predict binary dependent variables are linear probability, probit and logit models (Amemiya, 1985) . The probit model was used to measure the factors explaining willingness to cooperate with public extension and research. The proportion of correct predictions (count R 2 ) is used as a measure for the goodness of fit (Maddala, 1992) . The maximum likelihood estimation procedure was used to estimate the probit models using Stata Statistical Software (7.0). The explanatory variables are presented in Table 1 , and they are expected to have positive relationships with willingness to cooperate with public research and extension. The perception of the private firms of the public extension was found to be largely negative. Only one third was found to have a positive attitude. However, despite this negative view, 66.7% of dealers were willing to cooperate with public extension and research in a range of fields of mutual interest and benefits to both parties. Table 2 shows that 56.3% of firms were willing to cooperate with public research in undertaking adaptive research and on-farm seeds, fertilizers and pesticides trials to disseminate farm-level recommendations among farmers, but 26.0% were willing to cooperate with public extension. Of those who were willing to cooperate in extension, 92.0% were willing to cooperate in research and the association was statistically significant (2 = 17.6, p < 0.001). Firms' preference to cooperate with public research might be attributed to the limited motivation and ability of the commercial firms to adequately validate, compare, and interpret information about the technologies they market. Public research and extension roles in adaptive research include development, assessment, and adaptation of practices. Manufacturers and farm input suppliers have less financial incentive to develop and improve practices because of difficulties in capturing profits through transferring practices to users (Bennett, 1996) . The cost of research is high, public system is more qualified technically and logistically to undertake research activities. NCARTT has more than four times the number of technicians with M.A. and PhD degrees, and it has advanced laboratories and experiment stations all over the cultivated areas In contrast, the number of sales agents of the private farms are more than five times the of extension agents of the DOE (Rimawi, 1996) . Thus, firms have direct interest to cooperate with the public research, but not necessarily in extension. Buttel (1991) , in the USA, and Marsh and Pannell (1998) in Australia, reported that farmers have more confidence in research undertaken by the public research centers. Cooperation in extension activities was proposed by one quarter of firms (26.0%). These included the production of leaflets and bulletins (15.6%), funding and conducting demonstrations, field days and agricultural exhibitions (13.5%), seminars and workshops (7.3%), implementing extension programs to promote soil testing, improved irrigation methods, use of Integrated Pest Management (IPM), and in-service training (8.3%).
Cooperation of Private Firms with Public Extension and Research. The major input suppliers in Jordan are organized in the AMMA. The association was established in 1982, as a professional association for private dealers of farm inputs, with optional membership. In February 2002, 120 companies were members in AMMA, of which forty-five members import pesticides and other inputs. The aims of AMMA are to promote cooperation among members, and to represent traders in the concerned authorities such as seeds, fertilizers and pesticides boards. It also aims to promote sense of responsibility to the public and the farmers. It coordinates implementation of joint projects, such as the "safe use of pesticides" project, in cooperation with the Global Crop Protection Federation. It participates in conducting training graduate programs, organizing exhibitions, workshops, and in producing of printed materials (Personal communication with the head of AMMA). Table 2 shows that 45.8% of the firms were found to be members in AMMA. Members, who were found to be more likely to cooperate in extension, were also found to be more likely to cooperate in research. Thirty-nine percent of members were willing to cooperate in extension, against 15.4% of non-members (p < 0.01). Sixty-four percent were willing to cooperate in research against 50.0% of nonmembers, but the relationship was statistically insignificant. For-profit businesses are usually of three legal forms; proprietorship, partnership and corporation. Table 2 shows that 65.2% of firms were found to be either of the partnership or corporation type of business. Although partnership and corporation types of firms appear to be more willing to cooperate in extension, and partnership firms appear to be more willing to cooperate in research, the associations were statistically insignificant. Table 2 shows that 71.9% of the firms had no branches. Having branches was associated with willingness to cooperate with public extension (p < 0.01), but no association was found with willingness to cooperate with public research. Table 2 shows that 42.7% of firms have technical information links with local firms. Forty-one percent have established links or joint ventures with international companies, which may provide funds to help implement trials and demonstrations on farmers' fields. One third of firms had experimental sites on open fields and green houses, 64.7% of which were willing to cooperate in research, but 26.5% were willing to cooperate in extension. Nine percent undertook trials on farmers' fields, of which 77.8% were willing to cooperate in research, but 22.2% were willing to cooperate in extension. Table 2 indicates that having links with local companies was associated with willingness to cooperate with public extension (p < 0.01), and willingness to cooperate with public research (p < 0.001). Similarly, having links with international companies was associated with willingness to cooperate with public extension (p < 0.01), and willingness to cooperate with public research (p < 0.0001).
Of the main extension methods used by the private dealers to promote their products are office visits by farmers (91.7%), farm visits (69.8%), exhibitions (53.1%), field days (34.4%), demonstrations (19.8%) seminars (17.0%), and distribution of leaflets, and posters. Table 2 shows that firms which use farm visits were more willing to cooperate with public research (p < 0.001) as compared with public extension (p < 0.05). Inadequate transportation has severely limited the mobility of extension agents in Jordan (Rimawi and Arabiat, 1998) . Seventy-six percent of firms were found to provide their technicians with transportation vehicles. Firms that provide transportation facilities were more willing to cooperate with public extension (p < 0.05) and public research (p < 0.001). Training of private and public extension staff enables them to meet the changing information demands of farmers. Competition among service providers is a way of improving quality, and without proper training services, quality may not be sufficient to attract clients. Yet, only 16.7% of companies conduct in-service training to improve skills and knowledge for the extension agents. The associations between undertaking training and willingness to cooperate with public extension or research were statistically insignificant.
Objective 2: Factors explaining willingness to cooperate with public extension and research. To estimate the relationships of willingness to cooperate with public research and extension, two probit models were used using the key factors presented in Table 1 . The likelihood estimates of the parameters are presented in Table  3 . Estimates of both models were statistically significant (p < 0.001). The models explain 82.3% of the variation in willingness to corporate in research and 85.4% of the variation in willingness to cooperate in extension. The directions of the effect of the independent variables on the probability of willingness to cooperate were as expected. The estimated coefficients of the probit models have important implications. If the coefficient of a particular variable is positive, it means that higher values of that variable result in a higher probability of willingness to cooperate, while a lower value of a particular variable implies a lower probability of willingness to cooperate (Sarap and Vashist, 1994) . In the research model, the results show that using farm visits as an extension method, links with international firms and willingness to cooperate with public extension were the most important factors explaining the firm willingness to cooperate in public research. The estimated coefficients of these variables are positive and statistically significant. In the extension model, membership in AMMA, willingness to cooperate in producing printed materials, having technical information links with local firms, providing transport facilities to their technicians, and willingness to cooperate in public research were the main factors that explain the firms' willingness to cooperate in public extension. The results indicate that firms, which were willing to cooperate in extension, were found to be more likely to cooperate in research work. 
Conclusions and Implications
Jordan has limited water resources, and a strategy for agricultural development has to be based on the use of improved technologies, by way of effective public and private extension. Public extension is criticized for its insufficient impact. Therefore, it is imperative to cooperate and to establish a working relationship with the private sector to improve extension delivery. The survey results show that more than half of the firms were willing to cooperate with public research, and one quarter of firms were willing to cooperate with public extension. Members in the AMMA, firms that have links with local or international firms, or which undertake research activities, and provide their technicians with transportation facilities to visit farms were more likely to cooperate in public research and to a much lesser extent in extension. Cooperation with public extension included the production of leaflets and bulletins, funding and conducting demonstrations, field days, exhibitions, seminars, and workshops.
These results help to profile firms that are more likely to establish partnership and to cooperate with the public sector. The cost of research is high, the public system is more technically and logistically equipped to undertake research activities, and the firms have direct interest to cooperate with the public research in undertaking experimental works and on-farm field trials for seeds, fertilizers and pesticides.
Partnership with the private sector has to be established to capitalize on the comparative advantage of each sector to create a more sustainable extension system, and the agricultural policy supports such partnership. Full privatization of extension is not feasible, nor desirable as the majority of farmers in Jordan are small. Private firms can profitably collaborate in the provision of extension to commercial farmers, improve coverage, and test appropriate technologies with farmers (Trapman, 1998) . Public extension programs are needed for small and women farmers, animal herders, and for programs that increase public benefits. Publicly funded extension can supply information, which helps users to compare and validate information on technologies and practices promoted by the private firms.
